From both functional and biological considerations, it is widely believed that action production, planning, and goal-oriented behaviors supported by the frontal cortex are organized hierarchically [Fuster (1991); Koechlin, E., Ody, C., & Kouneiher, F. (2003). Neuroscience: The architecture of cognitive control in the human prefrontal cortex. Science, 424, 1181Science, 424, -1184 Miller, G. A., Galanter, E., & Pribram, K. H. (1960). Plans and the structure of behavior. New York: Holt]. However, the nature of the different levels of the hierarchy remains unclear, and little attention has been paid to the origins of such a hierarchy. We address these issues through biologically-inspired computational models that develop representations through reinforcement learning. We explore several different factors in these models that might plausibly give rise to a hierarchical organization of representations within the PFC, including an initial connectivity hierarchy within PFC, a hierarchical set of connections between PFC and subcortical structures controlling it, and differential synaptic plasticity schedules. Simulation results indicate that architectural constraints contribute to the segregation of different types of representations, and that this segregation facilitates learning. These findings are consistent with the idea that there is a functional hierarchy in PFC, as captured in our earlier computational models of PFC function and a growing body of empirical data.
Introduction
The prefrontal cortex (PFC) plays a critical role in the execution of controlled behavior (Miller & Cohen, 2001 ). Many theories exist regarding the function of PFC (for reviews, see Stuss & Knight, 2002; Wood & Grafman, 2003) , and this plethora of theories in part reflects our lack of understanding concerning the functional organization of the multiple anatomical areas that compose PFC (Duncan & Owen, 2000; Miller, 2000) . This lack of understanding is not for a lack of trying; there have been a number of approaches to investigating this critical question. One approach has been to focus on various stimulus dimensions that have produced reliable dissociations in posterior areas. For example, researchers have hypothesized that the dorsal and ventral visual processing streams project into PFC, and cause a spatial vs. object dissociation along a dorsal and ventral gradient (Goldman-Rakic, 1987; Haxby, Petit, Ungerleider, & Courtney, 2000; Wilson, Scalaidhe, & Goldman-Rakic, 1993) . Although there appears to be some evidence suggesting that areas of PFC may be dissociated along these stimulus dimensions (Johnson, Raye, Mitchell, Greene, & Anderson, 2003) , there are also studies that have not been able to identify such distinctions (i.e. Nystrom et al., 2000) .
A second approach has focused on investigating whether different processes determine the functional organization of the PFC. In particular, a common distinction in the literature has suggested that ventrolateral PFC (BA 44/ 45) is responsible for maintaining and rehearsing information in working memory (WM) whereas dorsolateral PFC (BA 9/46) is responsible for the manipulation and monitoring of such information (D'Esposito, Postle, Ballard, & Lease, 1999; Haxby et al., 2000; Petrides, 2000) . Although there have been studies supporting this claim, there have
